The vast majority of prostatic tumors developing in adult males are adenocarcinomas. For the most part, variations in histology have not received specific designations and, from a practical approach, have had any specific prognostic implications handled through application of the Gleason grading system. Nonetheless, some of the adenocarcinoma variants have specific clinical features and differential diagnoses. Furthermore, there has been some controversy regarding the appropriate application of the Gleason grading scheme in these tumors. In addition, there are carcinomas that are in fact not adenocarcinomas and that should be kept as distinct entities. In this paper, the histologic variants of adenocarcinoma are reviewed with emphasis on clinicopathologic features and the clinical relevance of these subtypes. Other carcinomas that occur in the prostate gland are also discussed again with a focus on the clinicopathologic characteristics.
As reflected in the Gleason scoring system, the histologic patterns that prostatic adenocarcinoma can assume are extensive (Table 1) . 1 While some patterns such as mucinous and signet ring types are not specifically dealt with in the Gleason system, others such as the ductal ('endometrioid') type are. 2 For the most part, these various architectural patterns have no specific clinical-pathologic features and are of greatest importance to the pathologist alone. Knowledge of the appropriate grading of the patterns with assignment of the correct Gleason score is, however, of great clinical significance (Table 2) . 3 The following sections will highlight the important clinicopathologic features of the major histologic subtypes of adenocarcinoma and other carcinomas that occur in the prostate gland.
Prostatic ductal adenocarcinoma
This tumor accounts for o1% of prostatic adenocarcinomas (as a dominant pattern) and has been referred to under a number of different names including 'endometrioid' and 'papillary' carcinoma. [4] [5] [6] [7] [8] [9] [10] [11] [12] It can be identified as a lesser pattern in up to 3% of cases. Initially, these tumors were believed to be of endometrial origin arising in the verumontanum, a mü llerian remnant; 4, 5 however, it is now recognized that these are of prostatic epithelial origin. [6] [7] [8] [9] [10] [11] [12] The concept of ductal adenocarcinoma as a specific entity has been challenged, most recently by Bock and Bostwick. 13 In a study utilizing LOH analysis of 12 polymorphic microsatellite markers, frequently lost in prostate cancer, Dawkins et al. 14 reported LOH in none of the Gleason grade 3 tumors studied, 9% of high-grade prostatic intraepithelial neoplasia (HGPIN) lesions, 29% of Gleason grade 4 cancers and 60% of ductal adenocarcinomas, suggesting that these are in fact a different lesion.
Clinically, ductal adenocarcinoma often involves the central ducts of the gland and may present as an exophytic papillary lesion in the prostatic urethra. 15 For this reason, they are often seen in transurethral resection (TUR) specimens and at radical prostatectomy (RP), and are less often found in needle biopsies. Obstructive symptoms and hematuria are common. The prostate gland is usually enlarged and nodular. There have been varying reports concerning serum prostate-specific antigen (PSA) and prostatic acid phosphatase (PAP) measurements in cases with a predominant ductal pattern with some indicating a lower level than might otherwise be expected. These tumors do metastasize to bone. Prognosis is probably similar stage for stage and grade for grade (see discussion of grade below) with acinar carcinomas, although some have reported better and others a worse prognosis for this pattern. Overall, the tumors do appear to have a worse prognosis than usual acinar adenocarcinoma. 15 In a recent report, Brinker et al, 16 reported that the presence of ductal adenocarcinoma in needle biopsy specimens was associated with a higher frequency of advanced pathologic stage and a shorter time to progression.
Although these tumors are classically described as being centrally located, it is not uncommon to see identical patterns in the periphery of the gland only. There are no specific gross characteristics. Histologically, the tumor grows in a mixture of papillary, cribriform and solid patterns, with and without central (comedo) necrosis. Some authors have subdivided these into two types based on predominant involvement of primary (large) or secondary (small) ducts. 9 The papillae are often complex and branching and can be fused (Figure 1 ). The papillary fronds are covered by a pseudostratified epithelium that may closely resemble endometrial carcinoma (Figure 2 ) or the cells may have cleared cytoplasm. The cells are often columnar and nuclei are large, oval to round and typically contain a single macronucleus ( Figure 3 ). Mitoses are frequently present. In some cases, the morphology closely mimics urothelial (transitional cell) carcinoma. In practically all cases, the cells are at least focally PSA-and PAP-positive.
The Gleason grade assigned depends on the architecture and ranges from grade 3 (well-circumscribed cribriform nests) to grade 4 (more irregular papillary cribriform masses) to grade 5 (when comedonecrosis is present; Figure 4 ). Gleason considered most of these to fit in the grade 3 group 17 and this approach has been followed by some authorities, 18 while others have not graded these tumors. 19 Based on available outcome data, it is clear that these behave much more like grade 4 than grade 3 carcinomas. 15, 16 The majority of cases with a predominantly ductal pattern are assigned Gleason scores of 8 or 9. 3 In most cases (480%), there is a typical small acinar component present. The differential diagnosis includes three major considerations. The papillary architecture can suggest urothelial carcinoma in TUR material from the urethra and in biopsies taken from the bladder trigone. Nuclear features are very helpful in this differential; in urothelial carcinoma the nuclei are pleomorphic with angulated nuclear outlines and variable numbers and sizes of nucleoli. In ductal adenocarcinoma, the nuclei are more uniform, virtually all being large, round to oval and containing a single macronucleus. Urothelial carcinoma frequently spreads into ducts in a pagetoid manner, a pattern rare in ductal carcinoma. The possibility of a rectal adenocarcinoma invading the prostate also needs to be considered and if there is a significant difficulty PSA and PAP immunostaining is usually diagnostic. Finally, the problem of where the morphologic spectrum of HGPIN ends and ductal adenocarcinoma begins can be problematic. Obvious cases of ductal adenocarcinoma can have residual basal cells and so high molecular weight cytokeratin may not be of value. 20 Generally, if the ductal structures are confluent or back-to-back, and are expanded, I will make a diagnosis of cancer even in needle biopsy specimens.
Mucinous (colloid) carcinoma
Pure mucinous carcinomas of the prostate are exceedingly rare and so most authors have used this designation only if more than 25% of the tumor volume consists of extravasated mucin. 1, [21] [22] [23] Using these criteria, these tumors have an incidence of approximately 0.2%. [21] [22] [23] There are no clinical features to distinguish mucinous carcinoma from usual acinar adenocarcinoma. These tumors cause elevated PSA, metastasize in the usual manner and respond to hormonal therapy. [21] [22] [23] [24] [25] This variant is considered to be associated with a worse prognosis than usual acinar adenocarcinoma. In a literature review of 60 mucinous carcinomas, Saito and Iwaki 26 found the 3-and 5-year survivals to be 50 and 25%, respectively.
Grossly, the tumors may have a mucoid or gelatinous cut surface. Histologically, pools of extravasated mucin are present in the stroma with suspended nests, cords or groups of carcinoma cells forming acini ( Figure 5 ). Single cells, including signet ring forms may be found. Cytoplasmic mucin is usually not demonstrable. The presence of luminal mucin is seen in up to one-third of prostatic adenocarcinomas including both acinar and cribriform types and is not sufficient to apply this term. 27 In the histochemical study of Saez et al, 28 the mucins in mucinous carcinoma were much more frequently O-acetylated than the luminal mucin in Gleason pattern 3 acinar carcinoma suggesting a fundamental difference between these patterns. Neuroendocrine and Paneth-like cells can be present. 29 Collagenous micronodules are often present ( Figure 6 ). Mucinous carcinoma is considered to be a Gleason grade 4 pattern.
The major differential diagnosis is with secondary prostatic involvement by a mucinous adenocarcinoma arising elsewhere (usually rectum or bladder). The presence of associated typical acinar prostatic adenocarcinoma, and the cytologic features of the tumor cells, make this distinction straightforward in most instances. If necessary, PSA and PAP immunostaining will resolve the question. In patients treated with hormone ablation, acellular pools of mucin can be left behind mimicking mucinous carcinoma. 30 
Signet ring cell carcinoma
Pure signet ring cell carcinoma of the prostate gland is vanishingly rare. 15 Most often signet ring cells are seen as a minority population in high grade (often grade 5) adenocarcinomas. Designation as a signet ring cell carcinoma is restricted to those cases where the signet ring cells make up over 25% of the tumor volume, although a wide range of definitions have been applied. [31] [32] [33] [34] [35] [36] [37] [38] Clinically, these tumors are typically of advanced stage at the time of diagnosis. 15, 26, 36 Serum PSA is usually significantly elevated. 37 There are no other specific features associated with these tumors. In a review of 17 cases from the literature, Saito and Iwaki 26 found a 3-year survival of only 27%. There are no specific gross features for signet ring cell carcinoma. Typically, the signet ring cells represent a minority population in an otherwise typical though high-grade carcinoma. The cells may be arranged in sheets, small clusters or as single cells (Figure 7 ). The cells are characterized by a clear cytoplasmic vacuole displacing the nucleus to one side. In most cases, the vacuole represents intracytoplasmic lumen formation and the cells are mucin The major differential diagnosis is with secondary signet ring cell carcinoma. In rare pure cases, mucin, PSA and PAP stains will sort out the differential. 37 It is also important to remember that both lymphocytes and benign stromal cells in the prostate can have a signet ring cell-like change. 39, 40 In challenging cases, negative staining for cytokeratin, PSA and PAP combined with positive reactivity for lymphoid or mesenchymal markers can resolve the case. 
Adenosquamous and squamous cell carcinoma
Primary squamous cell carcinoma of the prostate is exceedingly rare. [41] [42] [43] [44] [45] [46] [47] It has been reported in the setting of Schistosomiasis infection. 48 Suggested criteria for a diagnosis of squamous cell carcinoma of the prostate include (i) the presence of unequivocal features of malignancy, (ii) the presence of definitive squamous differentiation, (iii) lack of a conventional carcinoma component, (iv) no prior treatment with radiation or hormones and (v) no squamous cell carcinoma elsewhere.
In general, these tumors present similarly to usual prostatic carcinoma. In pure tumors, PSA and PAP are usually not elevated. In most cases, the tumor is locally advanced and bone metastases can be osteolytic rather than osteoblastic. There is insufficient experience with these tumors to make any specific comments regarding prognosis and treatment responsiveness, although mean survival in reported cases of squamous and adenosquamous carcinomas has only been six months. 15 There are no typical gross features. Histologically, these are squamous carcinomas and can show variable differentiation. These are not graded using the Gleason system, as they are not adenocarcinomas. Adenosquamous carcinoma refers to those cases with a mixture of glandular and squamous differentiation ( Figure 9) . [49] [50] [51] [52] This is also a rare neoplasm and in my experience is most often seen in association with hormonal therapy. It has been recommended that these tumors also not be Gleason graded. 3 Cases have been described in the absence of hormonal therapy. In these cases, the glandular element is clearly of prostatic origin and stains positively for PSA and PAP. The squamous component shows variable reactivity for these markers, but has been negative in my experience.
The major differential diagnosis is with urothelial carcinoma that can show squamous differentiation.
Outside of the setting of known prostatic adenocarcinoma being treated with hormones, the presence of squamous differentiation in a high-grade carcinoma should always suggest this possibility. Furthermore, urothelial carcinoma and prostatic adenocarcinoma often coexist and so identification of an acinar component does not necessarily exclude this possibility. Clinical correlation should be sought in this situation. The differential diagnosis also includes squamous metaplasia, a change most often associated with hormonal therapy or prostatic infarction. In the latter, reactive atypia can be pronounced.
Basaloid and adenoid cystic carcinoma
Basal cell lesions in the prostate gland span a wide range from obviously benign basal cell hyperplasia through varying ranges of atypia to lesions that have been described under the terms basal cell carcinoma and adenoid cystic carcinoma. [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] This remains an area of considerable uncertainty without welldefined criteria for predicting the behavior of these lesions. 64 Most experts do acknowledge the presence of a malignant end to the spectrum. 1, 15, 19, 64 Clinically, these occur over a wide age range with no specific characteristics; PSA has been reported to be elevated in some cases. 61 Given the limited clinical outcome data available, it has been suggested that these be 'viewed as a neoplasm of low malignant potential'. 15 Criteria for the diagnosis of malignancy in basal cell lesions remain unclear. Features suggested to indicate malignant potential include an invasive growth pattern including extensive infiltration between benign prostatic glandular elements, perineural invasion and extraprostatic extension; the presence of necrosis; and the presence of metastases. 64 Yang et al. 60 found high expression of bcl-2 and Ki-67 to distinguish basaloid carcinoma from basal cell hyperplasia (usual and atypical). In adenoid cystic carcinoma, the cells are arranged in irregular nests with a cribriform architecture reminiscent of adenoid cystic carcinoma elsewhere. Ultrastructural studies have demonstrated basal lamina production and glandular lumen formation. 56 In the basaloid pattern, the nests range from rounded to large and irregular (Figures 10 and 11) . The two often coexist. Individual cells have large pleomorphic nuclei and scant cytoplasm. The nuclei are often angulated with tapered ends and the cells fusiform or spindled. In the invasive tumors, there is usually a prominent stromal response that often has a myxoid nature. Given the unique nature of these lesions and the limited clinical outcome data available, Gleason grading of these tumors is not recommended. 3 Immunohistochemical staining is variable with most cases showing at least focal positivity for high molecular weight cytokeratin. Similarly focal Figure 9 Adenosquamous carcinoma. Poorly differentiated adenocarcinoma with squamous differentiation in a patient that had been treated with diethylstilbestrol.
positivity for PSA and PAP may be present but is inconsistent. Scattered chromogranin-positive cells have been reported. 55, 56, 58, 62 In cases studied, S100 protein and muscle-specific actin stains have been negative.
55,56

Sarcomatoid carcinoma
Sarcomatoid carcinoma or carcinosarcoma refers to a tumor with mixed epithelial and mesenchymal differentiation. Some authors use the term carcinosarcoma if there are heterologous elements and sarcomatoid carcinoma if there are not; however, there is no clinical or biologic data to support this distinction. 15 These tumors are rare, but do occur in the prostate gland. [65] [66] [67] [68] [69] [70] [71] [72] Clinically, these patients tend to be older and in roughly half of cases have a history of prostatic adenocarcinoma treated by radiation. 66, 68 The tumors produce bladder outlet obstruction and often require repeated TURs to control local symptoms. Serum PSA levels are usually lower than expected for the tumor volume. These are associated with a very poor prognosis with local recurrence and uncontrollable disease in the pelvis. In the largest published series, 5-and 7-year survivals were 41 and 14%, respectively. 68 Pathologically, there is a mixture of epithelial and mesenchymal elements. The epithelial component is usually of high grade and the acinar type. The mesenchymal component is often a high-grade spindle cell tumor without specific differentiation. Heterologous elements can be present with ostosarcoma and chondrosarcoma being most common (Figures 12 and 13) . The sarcomatoid component is considered to be Gleason grade 5, with the glandular element, if present, assigned a grade according to the usual rules. 3 Given the distinctive clinical behavior of these tumors, it is recommended that the presence of sarcomatoid histology be included in the diagnosis. 3 The epithelial component is cytokeratin, PSA-and PAP-positive. In a minority of cases, the spindle cell element expresses cytokeratin, but PSA and PAP are rarely positive.
The major differential diagnosis is primary prostatic sarcoma. 66, 68, 73 In adults, these are almost always leiomyosarcoma and will stain appropriately. In recurrent tumors, the mesenchymal component usually overgrows the epithelial and so a pure sarcomatous pattern in the setting of pretreated adenocarcinoma should be assumed to represent sarcomatoid carcinoma. Benign spindle cell proliferations such as inflammatory myofibroblastic tumor (pseudosarcomatous fibromyxoid tumor) and postoperative spindle cell nodule can be confused with the mesenchymal component of sarcomatoid carcinoma. Significant cytologic atypia, abnormal mitotic figures and necrosis would favor a malignant diagnosis. 
Prostate carcinoma variants DJ Grignon
Lymphoepithelioma-like carcinoma
Tumors that morphologically resemble lymphoepithelioma of the nasopharynx have been reported in numerous body sites including the prostate gland. These are extremely rare with only a single case described. 74 In that case, the lymphoepitheliomalike carcinoma was admixed with a typical small acinar adenocarcinoma. The clinical significance of this morphology in the prostate is unknown and so assignment of a Gleason grade is not recommended. 
Small-cell (neuroendocrine) carcinoma
Neuroendocrine cells are frequently identifiable in usual acinar type adenocarcinoma of the prostate. 75 In some immunohistochemical studies, up to 100% of prostate adenocarcinomas contain chromograninpositive cells. 75 In a minority of cases, these cells are identifiable on hematoxylin-and-eosin-stained sections by the presence of coarse eosinophilic cytoplasmic granules. 76 In most cases, however, they are not identifiable without immunohistochemical techniques. Cases with these features are not included in the small-cell carcinoma category.
The term small-cell carcinoma is restricted to those cases, either pure or mixed with an adenocarcinoma component, where the cells fulfill the light microscopic criteria for small-cell carcinoma of the lung (and elsewhere). Defined in this way, smallcell carcinoma is an uncommon prostatic tumor, but with important and distinctive clinicopathologic characteristics. [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] Clinically, small-cell carcinoma may arise de novo and be identified at the time of initial diagnosis. More often, however, the small-cell component manifests itself late in the course of a patient with documented metastatic prostate cancer. In my experience, the most common clinical scenario is a patient with bone metastases on hormonal therapy who suddenly develops widespread metastases in unusual locations (eg liver), without an accompanying rise in the serum PSA. Soft-tissue metastases are characteristic and bone metastases are osteolytic. Papandreou et al. 87 highlighted this scenario as an indication to biopsy the metastatic site to look for a small-cell element. Prognosis in this situation is very poor. In the de novo situation, the prognosis is also poor and usually the patient will be offered cisplatin-based chemotherapy as part of the treatment plan; these tumors are nonresponsive to androgen ablation. 77, 81, 86, 87 Median survival is less than 12 months following identification of smallcell carcinoma with pure tumors doing slightly worse than mixed tumors. A variety of paraneoplastic syndromes have been reported in association with small-cell carcinoma. 15 Pathologically, the small-cell component is identical to similar tumors in the lung. Oat cell and intermediate cell patterns can be seen. The tumor grows in sheets or nests with geographic areas of necrosis ( Figure 14) . Other typical features of smallcell carcinoma, including high mitotic rate, frequent apoptotic bodies, crush artifact and DNA encrustation of blood vessel walls (Azzopardi phenomenon) are present ( Figure 15 ). Although some authors assign this a Gleason grade of 5, others including myself consider small-cell carcinoma to be a distinct tumor type, with specific therapeutic implications, and do not Gleason grade these tumors. 3, 19 It is important to remember that the diagnosis does not require proof of neuroendocrine differentiation by immunohistochemistry or electron microscopy, although the small-cell component often shows the characteristic dot-like cytokeratin immunopositivity and positivity for one or more neuroendocrine markers (chromogranin, synaptophysin, etc). 80, 84, 88 In over one-half of cases, a typical acinar component is present and in some instances apparent merging of one pattern with the other is seen (Figure 16 ). The acinar component is PSA-and PAP-positive, while the small-cell component is generally negative with these markers.
The major differential diagnosis is with secondary small-cell carcinoma (particularly of bladder origin) and malignant lymphoma. Clinical correlation is necessary to exclude the former; immunohistochemistry readily resolves the latter. Carcinoid tumors can also arise in the prostate and should be distinguished from small-cell carcinoma.
Urothelial (transitional cell) carcinoma
Urothelial carcinoma may be primary in the prostate gland or represent secondary spread from the urinary bladder. The frequency of primary urothelial carcinoma ranges from 0.7 to 2.8% of prostatic tumors in adults. 89, 90 Most patients are older with a similar age distribution to urothelial carcinoma of the bladder (range 45-90 years). 89, 91 In patients with invasive bladder carcinoma, there is involvement of the prostate gland in up to 45% of cases. [92] [93] [94] This is highest when there is multifocality or carcinoma in situ associated with the invasive carcinoma. 93 Primary urothelial carcinomas presumably arise from the urothelium lining the prostatic urethra and the proximal portions of prostatic ducts. It has been postulated that these may develop through a hyperplasia to dysplasia sequence, possibly from reserve cells within the urothelium. [95] [96] [97] Primary urothelial carcinoma presents in a manner similar to other prostatic masses including urinary obstruction and hematuria. 90, 98 Digital rectal examination is abnormal in the majority, but is infrequently the presenting sign. 99 There are limited data on PSA levels in patients with urothelial carcinoma of the prostate. In one series, four of six patients had elevated serum PSA (44 ng/ml) in the absence of prostatic adenocarcinoma. 99 In some cases, patients present with signs and symptoms related to metastases. 98 Most cases are diagnosed by TUR or less often needle biopsy. 99 In all suspected cases, the possibility of secondary involvement from a bladder primary must be excluded; the bladder tumor can be occult and random biopsies of urinary bladder mucosa may be necessary to exclude this possibility. 64, 100 Primary urothelial carcinoma arising in the prostatic urethra or prostatic ducts can spread along ducts and involve acini or similar to bladder carcinoma in situ, tumor can spread along ejaculatory ducts and into seminal vesicles. Initial spread is by invasion of prostatic stroma. Local spread beyond the confines of the prostate gland may occur. Metastases are to regional lymph nodes and bone. 101 Bone metastases are osteolytic. These tumors are staged in the AJCC system under tumors of the urethra (see Table 3 ). 102 For tumors involving the prostatic ducts, there is a T1 category for invasion of subepithelial connective tissue distinct from invasion of prostatic stroma (T2). The prognostic importance of these categories has been confirmed in clinical studies. 103 The full range of histologic types and grades of urothelial neoplasia can be seen in primary urothelial neoplasms of the prostate. 103 A few examples of papillary urothelial neoplasms arising within prostatic ducts are described. 96 The vast majority, however, are of high grade and are associated with an in situ component. 99, 98, [103] [104] [105] [106] [107] The in situ component has the characteristic histologic features of urothelial carcinoma in situ elsewhere with marked nuclear pleomorphism, frequent mitoses and apoptotic bodies (Figure 17) . A single cell pattern of pagetoid spread or burrowing of tumor cells between the basal cell and secretory cell layers of the prostate is characteristic (Figure 18 ). Central comedonecrosis is frequent (Figure 19 ). Stromal invasion is associated with a prominent desmoplastic stromal response with tumor cells arranged in small irregular nests, cords and single cells. Inflammation in the Figure 14 Small-cell carcinoma. Low-power photomicrograph of a case with both small-cell and adenocarcinoma components. Prostate carcinoma variants DJ Grignon adjacent stroma frequently accompanies in situ disease, but without desmoplasia (Figure 20) . Squamous or glandular differentiation can be seen. Angiolymphatic invasion is often identified. Incidental adenocarcinoma of the prostate is found in up to 40% of cystoprostatectomy specimens removed for urothelial carcinoma of the bladder and can accompany primary urothelial carcinoma. 94 The tumor cells are negative for PSA and PAP. 99, 108 Secretions in the ductal lumens can react positively Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral muscle T3
Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, bladder neck (extraprostatic extension) T4
Tumor invades other adjacent organs (invasion of the bladder) Figure 17 Urothelial carcinoma. Urothelial carcinoma in situ filling and expanding normal ductal and glandular structures. Note the undermining of residual prostatic secretory cells in the large duct in the center (arrow). resulting in faint staining of tumor cells at the luminal surface, a finding that should not be misinterpreted as positive staining. Tumor cells express CK7 and CK20 in the majority of cases and high molecular weight cytokeratin in under 50%. 108 Residual basal cells are frequent in the in situ areas. 99 For patients with urothelial carcinoma of the prostate, the single most important prognostic parameter is the presence or absence of prostatic stromal invasion. In one series, the survival was 100% for patients with noninvasive disease treated by radical cystoprostatectomy. 103 With stromal invasion or extension beyond the confines of the prostate prognosis is poor. 90, 103, 109, 110 In a Mayo Clinic series, the overall survival was 45% at 5 years in 19 patients with stromal invasion. 103 In 10 cases of primary urothelial carcinoma, reported by Goebbels et al, 107 the mean survival was 28.8 months (range 1-93 months).
